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Introduction
solutes such as betaine (Incharoensakdi et al., 1986) . Given that synthesis of compatible 186 solutes are higher in halophytes than glycophytes (Bose et al., 2014a) (Sengupta and Majumder, 2009; Li et al., 2011; Wiciarz et al., 2015) . The later step ensures more sensitive to salt in vitro than Rubisco (Osmond and Greenway, 1972; Manetas et al., 198 1986) consistent with a lower salt concentration in the cytosol than in the chloroplasts. PEPC 199 extracted from leaves of Atriplex spongiosa was inhibited by 50% in 50 mM NaCl and was 200 more sensitive than PEPC from maize (Osmond and Greenway, 1972) . Proline and betaine
201
influenced the in vitro sensitivity to salt of four C4 halophytes but in different ways (Manetas, 202 1990 ). For instance, betaine protected PEPC against NaCl in two Salsola species while 203 proline was inhibitory, whereas proline was protective to PEPC from Cynodon dactylon 204 (Manetas et al., 1986) . Complex interactions take place between the nature and the 205 concentrations of the enzyme, compatible solutes, PEP, and ionic strength of the assay 206 medium. Optimising all these factors showed that inhibition of PEPC from Salsola soda by 207 100 mM NaCl could be partly overcome by the addition of betaine, glycerol and glucose-6-208 phosphate up to 0.6 M (Manetas, 1990) .
209
It is difficult to make generalisations about the different responses of enzymes from 210 halophytes versus glycophytes from such sparse information, and also to draw conclusions 211 about sensitivity of enzymes in intact plants from experiments done in vitro. There is good 212 evidence that chloroplastic FruP2ase from a halophytic rice relative is more salt-tolerant than 213 in cultivated rice, implying the chloroplasts of the halophyte rice can tolerate higher NaCl 214 concentrations in the stroma, so studies with other close relatives are warranted. However,
215
there is not sufficient evidence for the differential sensitivity of other photosynthetic enzymes 216 available in the literature to draw a broad conclusion.
Halophytes maintain optimal Photosystem II and I activity during salt stress 218 In the thylakoid membrane, photosystem II complexes (PSII) are physically separated 219 from those of PSI to avoid spontaneous energy spill over (Anderson, 1981) . PSII is enriched 220 in appressed regions of thylakoid stacks (grana) whereas PSI is enriched in non-appressed 221 regions (stroma lamellae) of the thylakoid membrane ( Fig. 1 ; Anderson, 1981; Caffarri et al., 222 2014) . The ionic composition of the stroma is critical for grana formation (Barber, 1982) .
223
Entry of Na + and Cl -into the stroma and excessive ROS production during salt stress would 224 alter stromal ionic composition, which in turn could affect granal stacking. Indeed, in C3 225 glycophytes such as rice and Arabidopsis, salt stress caused unstacking of grana resulting in 226 poor PSII activity (Rahman et al., 2000; Peharec-Štefanić et al., 2013) . By contrast, in
227
Arthrocnemum macrostachyum (a C3 halophyte), no salt in the external medium caused 228 grana unstacking and poor PSII activity but adding salt up to 1 M enhanced grana formation
229
and PSII activity (Redondo-Gómez et al., 2010; Trotta et al., 2012 (Voznesenskaya et al., 1999; Omoto et al., 2009; Omoto et al., 2010 (Voznesenskaya et al., 1999; Omoto et al., 2009) . Similarly, within the NAD-ME subtype, 249 glycophytes show grana unstacking and an increase in grana formation during salt stress but such effects are absent in halophytes (Voznesenskaya et al., 1999; Omoto et al., 2010 In leaf mesophyll cells, more than half of the volume of the cytoplasm is occupied by 281 chloroplasts (Winter et al., 1993) . The number of chloroplasts per leaf cell is not definite and can vary from few to hundreds (Kubínová et al., 2014) . Interestingly, Na + has been shown to 283 participate in chloroplast multiplication in salt tolerant plants (spinach and sugar beet) 284 (Marschner and Possingham, 1975 Eutrema (Wang et al., 2013b) , sugar beet (Marschner and Possingham, 1975) The light-driven water-splitting reaction in the lumen and subsequent generation of 309 proton motive force (PMF) across the thylakoid membranes of plants is one of the most 310 important bioenergetic process on Earth. The PMF has two components namely proton 311 gradient (∆pH) and transmembrane electric potential difference (∆ᴪ) (Kramer et al., 2003) .
312
The ∆ᴪ component determines the turnover rate of H + -ATP synthase and transmembrane 313 electron transport (Fischer and Gräber, 1999) . High ∆ᴪ will favour photo-damage through the 314 formation of singlet oxygen from the P680 triplet state of photosystem II (Bennoun, 1994;  around pH 8 (Werdan et al., 1975) (Kramer et al., 2003; Niyogi et al., 2005) . Thus,
321
a fine balance between ∆ᴪ and ∆pH is pivotal for optimal energy transduction and CO2 322 fixation during photosynthesis.
323
The ion channels and transporters located in the thylakoid membrane play a role in
324
PMF partitioning between ∆ᴪ and ∆pH components. stroma would cause the lumen to shrink (Pottosin and Dobrovinskaya, 2015) .
336
Involvement of chloroplast K + transporters in PMF portioning, pH and volume 337 regulation is starting to emerge (Kunz et al., 2014) . In Arabidopsis, a thylakoid membrane 338 localised tandem-pore K + -channel (TPK3) involved in K + efflux from the lumen ( Fig. 1 (Kunz et al., 2014) . Salt stress will affect K + 349 homeostasis of chloroplasts (e.g. Robinson et al., 1983; Robinson and Downton, 1984) Brownell, 1965; Johnston et al., 1988; Grof et al., 1989) . The Na + ion also participates in the 374 transport of pyruvate (Furumoto et al., 2011; Zhao et al., 2016) , ascorbate (Miyaji et al., 375 2015) and phosphate (Guo et al., 2008) into chloroplasts. The molecular identity of these 376 Na + -dependent transporters is starting to emerge (Fig. 1 Carraretto et al., 2013; Kunz et al., 2014; Aranda-Sicilia et al., 2016) .
Meyerowitz

403
Despite this, a general assumption has been that in halophyte chloroplasts K + can be replaced
404
by Na + without any deleterious effect on photosynthesis (Subbarao et al., 2003 , 1975) and Rubisco synthesis (Hanikenne et al., 2014) . Hence, it appears that 412 optimal K + /Na + ratio must be maintained within the chloroplasts to maintain photosynthesis.
Possingham
Salt stress can induce cell death by depleting cytosolic K + beyond a threshold level.
414
Thus, under saline environments, maintaining optimal K + /Na + ratio inside the cytosol is 415 critical for normal functioning of cytoplasm (Bose et al., 2015; Shabala et al., 2015) . (Fig. 3) . Similar to the cytoplasm, salt stress 431 induces K + loss from chloroplasts of glycophytes and halophytes (Wignarajah and Baker, 432 1981; Robinson et al., 1983; Hajibagheri et al., 1984; Robinson and Downton, 1984; 433 Robinson and Downton, 1985; Demmig and Winter, 1986 increasing the binding affinity of Cl -of the Mn-Ca-Cl complex (Seidler, 1996; Kakiuchi et 466 al., 2012; Nishimura et al., 2014) . In vitro studies have demonstrated that in the presence of 467 30 mM Cl -or higher, these extrinsic proteins are dispensable from the Mn-Ca-Cl complex 468 without compromising maximal activity (Seidler, 1996) (Carraretto et al., 2016; Pottosin and Shabala, 2016) .
536
The PK+:PCl-values, voltage dependence, conductance and pharmacology for these OEPs are 537 reviewed in (Carraretto et al., 2016; Pottosin and Shabala, 2016) . However, there is no 538 information available in the literature about how these OEPs could function in planta and 539 alter salt tolerance.
540
A search through literature (Hanikenne et al., 2014; Pfeil et al., 2014; Finazzi et al., 541 2015; Pottosin and Dobrovinskaya, 2015; Carraretto et al., 2016; Pottosin and Shabala, 2016) and online databases for proteins targeted to chloroplasts (Ferro et al., 2010; Hooper et al Ferro et al., 2010; Tanz et al., 2012; Hooper et al., 2014) .
569
Both PIP2;1 and PIP2;7 have rapidly reduced expression in roots and are withdrawn from the 570 plasma membrane under salinity (Boursiac et al., 2005; Pou et al., 2016 is proposed that PIP2;1 transports CO2 as well as water (Hanba et al., 2004; Kaldenhoff et al., 573 2014; Wang et al., 2016) . Some aquaporins also have the capacity to transport ions (Yool and 574 Campbell, 2012). PIP2;1 has been shown to transport cations non-selectively when expressed in Xenopus oocytes and yeast (Byrt et al., 2016 of chloroplasts in the Arabidopsis pip2;1 mutant during salt stress is warranted.
580
The TIP2;1 (Tonoplast Intrinsic Protein 2;1) aquaporin has also been shown to be 581 located in the thylakoid membrane in addition to the tonoplast (Tanz et al., 2012; Hooper et 582 al., 2014) . Apart from water transport, TIP2;1 transports NH3/NH4 + efficiently (Holm et al., 583 2005) with a unique mechanism of coupling H + in a water-filled side-pore that can de- from the lumen. Under salinity stress there is an increase in photorespiration (Miller et al., 590 2010), which generates NH3 in the mitochondria, though it is possible that the NH3 is re-591 assimilated in a way that protects the chloroplast from NH3 exposure (Linka and Weber, 592 2005). Thus, the control of TIP2;1 on the thylakoid membrane may be critical under salinity 593 in regulation of thylakoid PMF. Mutants of TIP2;1 would also be interesting to investigate in 594 relation to salt stress and chloroplast energetics.
595
The NRT2;6 (Nitrate Transporter 2;6), GLR3.4 (Glutamate Receptor like 3.4) and 596 CNGC13 (Cyclic Nucleotide-Gated Channel 13) of Arabidopsis are localised in envelope and 597 thylakoid membranes ( Fig. 1) (Finazzi et al., 2015; Pottosin and Dobrovinskaya, 2015) ,
598
suggesting that these may transport Na + , K + and Cl -ions during salt stress, which needs to be 599 tested using their respective mutants. in a salt-sensitive Populus x canescens species (Ottow et al., 2005) . In Arabidopsis, salt stress 629 did not alter the expression of NHD1 but silencing NHD1 resulted in high Na + within 630 chloroplasts causing poor growth and photosynthetic performance (Müller et al., 2014 (Song et al., 2004) but later studies proved that this transporter is targeted to the endoplasmic 658 reticulum; never detected in proteomic studies targeted to the chloroplasts and preferentially 659 expressed in pollen (Finazzi et al., 2015) .
660
The two-pore potassium channel, TPK3 has been suggested to be involved in K + 661 export out of the lumen (Carraretto et al., 2013) . A member of the two-pore potassium 662 channel family, cloned from a halophyte Populus euphratica (PeTPK1) has been shown to 663 increase the salt-induced K + efflux, presumably from the vacuole (Wang et al., 2013a (Pottosin, 1992; Heibert et al., 1995; Pottosin 672 and Dobrovinskaya, 2015) . The molecular identity of those channels is starting to emerge.
673
Arabidopsis has seven chloride channel family members (CLCa-g), of which only two 674 members (CLC-e and -f) are localised to the thylakoid membrane and envelope membrane,
675
respectively (Teardo et al., 2005; Marmagne et al., 2007; Herdean et al., 2016a response to salt exposure.The data are from (Flowers et al., 1985; Peharec-Štefanić et al., 745 2013; Wang et al., 2013b; Aldesuquy et al., 2014) . (Robinson and Downton, 1984; Robinson and Downton, 1985; Müller et al., 2014) . For a 751 similar comparison see Larkum (1968) (which used non-aqueous isolation of chloroplasts)
752
and Wang et al., 2007 (that used X-ray microanalysis of chloroplasts). 
